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(57) ABSTRACT

A mulfler 1s constructed by inner and outer pipes, 1n which
opposite end portions of the outer pipe are reduced 1n
diameter, a welding portion of the inner pipe 1s accurately
formed, and 1n this mufller, 1n order that a welding portion
of the mner pipe can be accurately formed and that the outer
pipe can be reduced in diameter uniformly over an entire
periphery thereof to compress a buffer member uniformly
over an entire periphery thereof, the inner pipe (2), having
the buffer member (8) fitted on one end portion 2a thereof,
is held within the outer pipe (1), held in position, in such a
manner that a predetermined gap 1s formed between the
inner and outer pipes (2) and (1). Subsequently, a diameter
of the other end portion (1b) of the outer pipe (1) remote
from the buffer member (8) is reduced, thereby fixedly
securing this other end portion to the other end portion 15 of
the inner pipe (2). Subsequently, a spinning processing is
applied to one end portion (1a) of the outer pipe (1), thereby
reducing a diameter of this one end portion until this one end
portion (2a) is brought into contact with the buffer member
(8), and further radially compresses the buffer member (8).

4 Claims, 7 Drawing Sheets
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MUFFLER AND ITS MANUFACTURING
METHOD

This invention relates to a muftler for an internal com-
bustion engine, and also relates to a method of producing the
muftler.

BACKGROUND ART

There 1s known one conventional muftler (particularly
sub-mu 1er) for an internal combustion engine as shown in
FIG. 11, 1n which an outer pipe 102 1s mounted around an
outer periphery of an inner pipe 100 (which forms an
exhaust gas passage), with a space 101 formed
therebetween, and one end portlon 103 of the outer pipe 1s
fixedly secured to the inner pipe 100 through a buifer
member 105 such as a wire mesh, and the other end portion
104 thereof 1s fixedly secured to the inner pipe 100.

In one known method of producing such a mutfler, the one
end portion 103 of the outer pipe 102 1s first reduced 1n
diameter by a press die 106 as indicated by broken lines in
FIG. 12A, and then the inner pipe 100, having the buifer
member 105 fitted on one end portion thereof, 1s inserted
into the outer pipe 102 as shown in FIG. 12B, and the buifer
member 103 1s disposed at the inner peripheral surface of the
contracted one end portion 103. Then, as shown 1in FIG. 12C,
the other end portion 104 of the outer pipe 102 1s reduced 1n
diameter nto a tapering shape by a press die 107, and is
fixedly secured to the mner pipe 100.

In the above mulftler, generally, the other end portion 108
of the mnner pipe 100 remote from the buffer member 105
projects from the contracted other end portion 104 of the
outer pipe 102, and serves as a welding portion, and the
muliller 1s connected at this welding portion 108 to an
exhaust pipe by welding.

In the above conventional production method, however,
that portion of the outer pipe 102, having the buffer member
105, 1s first reduced 1 diameter, thereby connecting the
inner and outer pipes 100 and 102 together, and therefore
during the contraction of the end portion 104 of the outer
pipe remote from the buffer member 105, which 1s effected
thereafter, there 1s a possibility that the inner pipe 100 and
the outer pipe 102 are displaced relative to each other 1n the
axial direction.

Namely, the reasons for this are that the strength of
frictional connection between the outer pipe 102 and the
buffer member 105 1s low, and that the outer pipe 102 1s
pushed 1n the axial direction by the press die 107.

If the mner and outer pipes are thus displaced relative to
cach other, a welding area L of the welding portion 108 to
be welded to the exhaust pipe 1s reduced, which results 1in a
problem that it becomes difficult to effect the welding.

Further, the muffler, in which the outer pipe 102 1s
reduced 1n diameter by the press die, has a problem that the
buffer member 105 can not be compressed uniformly over
the entire periphery thereof, and besides 1n the construction
in which the opposite end portions of the outer pipe 102 are
reduced in diameter by the press die, the material of the outer
pipe can be buckled, and therefore the limit of the contrac-
fion rate 1s about 20%, which leads to a problem that there
can not be produced the muftler in which the volume of the
space, formed between the inner and outer pipes, 1s
increased.

DISCLOSURE OF THE INVENTION

It 1s therefore an object of this invention to provide a
mufitler which solves the above problems, and also to
provide a method of producing this mufifler.
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In order to solve the above problems, the first invention,
recited 1n claim 1, provides a muffler wherein one end
portion of an outer pipe, which 1s mounted around an outer
periphery of an 1nner pipe, with a space formed
therebetween, 1s reduced 1n diameter to be fixedly secured to
the 1nner pipe, and the other end portion of the outer pipe 1s
reduced 1n diameter, thereby holding a buffer member
between the other end portion of the outer pipe and the inner
pipe; CHARACTERIZED 1n that the reduction of the diam-
cter of at least that end portion, having the buifer member,
1s effected by spinning.

In this invention, by the spinning processing applied to the

outer pipe, the buller member 1s compressed uniformly over
an entire periphery thereof.

The second invention, recited in claim 2, provides a
method of producing a muffler CHARACTERIZED 1n that
the method comprises a first step of holding an inner pipe,
having a buffer member fitted on one end portion thereof,
within an outer pipe 1n such a manner that a predetermined
cgap 1s formed between the mner and outer pipes; a second
step of reducing a diameter of the other end portion of the
outer pipe remote from the buffer member, thereby fixedly
securing the other end portion to the other end portion of the
inner pipe; and a third step of subsequently applying a
spinning processing to one end portion of the outer pipe,
thereby reducing a diameter of the one end portion until the
onc end portion 1s brought into contact with the buifer
member, and further radially compresses the buifer member.

In this invention, before that portion, having the buffer
member, 1s reduced 1n diameter, that portion remote from the
buffer member, 1s reduced 1in diameter, with the inner and
outer pipes held 1n their respective predetermined positions,
thereby fixedly securing the inner and outer pipes to each
other, and therefore a welding portion can be accurately
formed at this fixed side. And besides, when that portion of
the outer pipe, having the buffer member, 1s to be reduced 1n
diameter by spinning after this fixing operation, the inner
and outer pipes can be prevented from being displaced with
respect to each other. Furthermore, the reduction of the
diameter of that portion of the outer pipe having the buifer
member, 1s effected by the spinning processing in which the
outer pipe 1s rotated, and therefore the outer pipe can be
reduced in diameter uniformly over the entire periphery
thereot, and also the buffer member 1s compressed uniformly
over the entire periphery thereof.

The third invention, recited in claim 3, 1s directed to the

muliltler-producing method, in which the reduction of the
diameter of the outer pipe in the second step of the second
invention 1s also effected by spinning processing.

In this invention, an axial load as produced with the use
of a die press 1s not applied to the outer pipe, and the more
accurate welding portion can be formed. And besides, the
opposite end portions of the outer pipe are both reduced in
diameter by spinning processing, and therefore the material
thereof will not be buckled at the opposite end portions.

The fourth invention, recited 1n claim 4, 1s directed to the
mulitler-producing method, in which the reduction of the
diameter of the outer pipe 1n the third step of the second or
the third ivention 1s effected in such a manner that a

mandrel 1s iserted into one end portion of the outer pipe so
as to limit the amount of reduction of the diameter of the

outer pipe.

In this invention, the amount of reduction of the diameter
of the outer pipe 1s limited, and therefore the accurate
contracted configuration of the outer pipe, as well as the
amount of compression of the buffer member, can be
obtained easily.
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In the fifth invention recited 1n claim §, the reduction of
the diameter of the outer pipe 1n the third step 1s effected 1n
such a manner that a mandrel 1s inserted 1nto one end portion
of the outer pipe so as to limit the amount of reduction of the
diameter of the outer pipe and that the mandrel, having a
diameter substantially equal to an 1nner diameter of the inner
pipe, 1s 1nserted mto one end portion of the iner pipe.

In this invention, 1n addition to the effect of the fourth
invention, the 1nner and outer pipes can be prevented from
being crushed and deformed during the reduction of the
diameter of the outer pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side-elevational, cross-sectional view of an
embodiment according to the present invention, showing a
condition before mner and outer pipes are supported 1n their
respective predetermined positions.

FIG. 2 1s a side-elevational, cross-sectional view, showing
a condition 1n which the outer pipe in FIG. 1 1s supported 1n
the predetermined position, and the inner pipe 1s held in the
predetermined position within the outer pipe.

FIG. 3 1s a side-elevational, cross-sectional view showing,
a condition 1n which the other end portion of the outer pipe
in FIG. 2 1s reduced 1n diameter.

FIG. 4 1s a side-clevational, cross-sectional view showing,
a condition 1n which the inner and outer pipes in FIG. 3 are
inverted 1n an axial direction.

FIG. 5 1s a side-elevational, cross-sectional view showing,
a condition 1n which one end portion of the outer pipe 1n
FIG. 4 1s reduced 1n diameter.

FIG. 6 1s a side-clevational, cross-sectional view showing
a condition 1n which the inner and outer pipes 1n FIG. 5 are
drawn and removed.

FIG. 7 1s a side-elevational, cross-sectional view of the
inner pipe on which wire mesh and glass wool are wound.

FIGS. 8A and 8B show a muflfler produced 1n accordance
with the present invention, FIG. 8 A being a side-elevational,
cross-sectional view, and FIG. 8B being a vertical cross-
sectional view of FIG. 8A.

FIG. 9 1s a side-elevational, cross-sectional view showing,
another example of a mandrel of the present invention.

FIG. 10 1s a cross-sectional view showing the amount of
compression of a buffer member.

FIG. 11 1s a side-elevational, cross-sectional view show-
ing a mulitler.

FIGS. 12A to 12C are views showing the steps of a
conventional production method.

BEST MODE FOR CARRYING OUT THE
INVENTION

The mode for carrying out the present invention will now
be described with reference to an embodiment shown in

FIGS. 1 to 10.

First, a production apparatus for performing a production

method according to the present invention will be described
with reference to FIG. 1.

This apparatus includes rotation support means 3 for
holding an outer pipe 1 (constructing a muffler) and for
rotating the outer pipe about an axis thereof, and the rotation
support means 3 comprises a chuck portion 3a, which can be
closed and opened 1n such a manner that the chuck portion
3 are divided into a plurality of sections in a circumierential
direction, and a rotation portion 3¢ for rotating the chuck
portion 3a about an axis thercof 1n one direction A. The
showing of drive portions for these portions 1s omitted.
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A first mandrel 4 for fitting 1nto an end portion of an 1nner
pipe 2 (constituting the muffler) to hold this end portion, 1s
provided on one side of the rotation support means 3 1n the
axial direction, and 1s disposed in coaxial relation to the
rotation support means 3, and the first mandrel can be moved
forward and backward in directions of arrows B and C
(horizontal direction) in FIG. 1 by drive means (not shown).

A second mandrel 3 for {itting 1into an end portion of the
iner pipe 2 to hold this end portion 1s provided on the other
side of the rotation support means 3 1n coaxial relation to the
first mandrel 4, and the second mandrel can be moved
forward and backward in the directions of arrows B and C
in FIG. 1 by drive means (not shown).

A stopper 6 for positioning an end of the outer pipe 1 1s
mounted on a predetermined portion of the second mandrel

5, and the second mandrel 5 1s slidable through the stopper
6.

A spinning roll 7 1s provided at that side where the first
mandrel 4 1s disposed, and the spinning roll 7 can be moved

in the directions of arrows B and C (horizontal direction) and
directions of arrows D and E (vertical direction) in FIG. 1 by
drive means (not shown).

Next, the process for producing the mufiller, using the
above apparatus, will be described.

First, as shown 1n FIG. 1, the chuck portion 3a 1s opened,
and the outer pipe 1 of a predetermined length 1s fed 1 a
direction of arrow F by feed means (not shown), and one end
portion la thereof 1s abutted against the stopper 6, thereby
setting the outer pipe 1n a predetermined position, as shown
in FIG. 2, and then the chuck portion 3a 1s closed, thereby
supporting the outer pipe 1 by the rotation support means 3.

Also, the second mandrel § 1s moved 1n the direction of
arrow C 1n FIG. 1, and the two mandrels 4 and 5 are fitted
respectively into the opposite end portions of the supplied
inner pipe 2 to support the inner pipe 2, as shown in FIG. 1,
and then the two mandrels 4 and 5 are moved 1n the direction
of arrow B, so that the mnner pipe 2 1s held 1n a predetermined
position 1n the axial direction within the outer pipe 1, with
a predetermined gap d, formed between the 1inner and outer
pipes 1 and 2, as shown 1n FIG. 2. A bufler member 8, such
as a wire mesh, 1s beforehand fitted on one end portion 2a
of the mner pipe 2.

Thereafter, as shown 1n FIG. 3, the other end portion 15
of the outer pipe 1 remote from the buifer member 8 is
reduced in diameter into a tapered shape (decreasing in
diameter progressively toward its distal end) in such a
manner that a distal end portion 1c¢ of this contracted end
portion 1s pressed against the inner pipe 2 1n parallel relation
thereto, thereby fixedly securing the outer pipe 1 to the inner
pipe 2. This contraction may be effected by a press die with
a tapering die surface as in the conventional method.
However, 1n the 1llustrated embodiment, as shown 1n FIG. 3,
the spinning roll 7 1s moved from a position, indicated by
broken lines 1 FIG. 3, to a position, indicated by solid lines,
while rotating the rotation support means 3 in the one
direction A to rotate the outer pipe 1, thereby contracting or
reducing the diameter of the outer pipe 1 by spinning
processing.

The contraction of the outer pipe 1 1s effected so as to
form the distal end portion 1c¢ thereof in such a manner that
a welding portion L 1s formed at the other end portion 25 of
the mner pipe 2. During the contraction of the outer pipe, the
inner and outer pipes 2 and 1 are held in their respective
predetermined positions, and therefore the welding portion
L can be accurately formed.

Thereafter, the chuck portion 3a of the rotation support
means 3 1s opened, and the two mandrels 4 and § are moved
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in the direction of arrow C, thereby drawing and removing
the 1nner and outer pipes 2 and 1 from the rotation support
means 3, and the two mandrels 4 and 5 are disengaged, and
the inner and outer pipes 2 and 1 are turned so as to reverse
the right and left sides, and the two mandrels 4 and 5 are
again fitted into the 1nner pipe 2, and as shown 1n FIG. 4, the
inner and outer pipes 2 and 1 are passed through the rotation
support means 3, and the chuck 3a 1s closed to hold the outer
pipe 1, thereby setting the inner and outer pipes 2 and 1 in
the predetermined position, as shown 1 FIG. 4.

Thereafter, as shown 1n FIG. 5, the spinning roll 7 1s
moved from the position, indicated by broken lines 1n FIG.
5, to the position, indicated by solid lines, while rotating the
rotation support means 3 i1n the one direction A to rotate the
outer pipe 1, thereby contracting or reducing the diameter of
the one end portion 1la of the outer pipe 1 mto a tapered
shape (decreasing in diameter progressively toward the
distal end) by spinning processing in such a manner that a
distal end portion 14 of this contracted end portion 1s pressed
against the mner pipe 2 1n parallel relation thereto. This
contraction 1s effected until an 1nner surface of the distal end
portion 1d of the one end portion 1a 1s brought 1into contact
with the outer surface of the buffer member 8, and further
radially compresses the buifer member 8. This contraction
operation 1s effected by the spinning operation, and therefore
the conftraction can be achieved without applying an axial
load as produced with the use of a press die, and the buifer
member 8 will not be deformed 1n the axial direction. And
besides, since the spinning operation 1s effected while rotat-
ing the outer pipe 1, the amount of contraction of the outer
pipe 1 can be easily controlled, and the contraction can be
cffected accurately, and the contraction can be elfected
uniformly over the entire circumierence. This means that a
desired compression load can be applied uniformly to the
buffer member 8 over the entire periphery thereof, and a
slide load, which serves to absorb the thermal expansion
difference between the inner and outer pipes 2 and 1 during
use of the mufiller, can be set satistactorily.

Then, after the above contraction operation, the chuck 3a
1s opened, and the two mandrels 4 and 5 are moved 1 the
direction of arrow C, and the inner and outer pipes 2 and 1

are drawn and removed from the rotation support means 3,
as shown 1n FIG. 6.

Although the showing of mufller members, interposed
between the mner and outer pipes 2 and 1, 1s omitted from
FIGS. 1 to 6 for the purpose of avoiding the complexity of
the drawings, the mufller members are actually interposed,
and 1n the present invention, before the step of FIG. 1,
stainless wool 9 1s wound on the outer periphery of the inner
pipe 2, and glass wool 10 1s wound on the outer periphery
of the stainless wool, as shown 1n FIG. 7. Many holes 11 are
formed 1n the mnner pipe 2 as shown in FIG. 7. FIGS. 8A and
8B show the mufller produced by the above process, using
the 1mner pipe 2 having the stainless wool 9 and the glass
wool 10 wound thereon.

FIG. 9 shows another example of the first mandrel 4 used
in the step of FIG. 5.

A tapering surface 4b, which 1s smaller 1n diameter than
the mner diameter of the mner pipe 2, and 1s decreasing in
diameter progressively toward a distal end surface of this
first mandrel 4a from a rear portion thereof, 1s formed at the
distal end portion of the first mandrel 44, and an inner
pipe-litting surface 4c, having a diameter equal to the inner
diameter of the iner pipe 2, 1s formed on that portion
disposed rearwardly of the tapering surface 4b, and an outer
pipe-fitting surface 4d, having a diameter equal to the inner
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diameter of the outer pipe 1, 1s formed on that portion
disposed rearwardly of the inner pipe-fitting surface 4c. A
step d, between the inner pipe-fitting surface 4c and the
outer pipe-fitting surface 4d 1s set to a length matched to a
compression amount d, by which the buffer member 8 is
compressed and contracted from an unprocessed condition,
indicated by a broken line, into a predetermined thickness
indicated by a solid line, as shown in FIG. 10.

When the contraction operation of FIG. 5 1s effected using
this mandrel 44, the amount of contraction of the distal end
portion 1d of the one end portion 1a of the outer pipe can be
limited by the outer pipe-fitting surface 4d, so that the
contraction can be achieved accurately, and besides the
accurate compression rate of the buffer member 8 can be
obtained by the step d,. Furthermore, the crushing of the
inner and outer pipes due to an excessive pressure, applied
by the spinning roll 7, can be prevented.

Although the above embodiment i1s directed to the
example 1n which the opposite end portions of the outer pipe
1 are reduced 1in diameter by the spinning operation, there
may be used an arrangement in which at least that end
portion of the outer pipe 1, having the buffer member 8, 1s
subjected to the spinning processing whereas the other end
portion 1s reduced 1in diameter by other means such as a press
die. Even when only that end portion, having the buifer
member 8, 1s thus reduced 1n diameter by spinning
processing, there can be achieved the effect of applying a
desired compression load to the buifer member 8 over the
entire periphery thereof.

When the opposite end portions of the outer pipe 1 are
both reduced 1n diameter by spinning processing, the mate-
rial will not be buckled at the opposite end portions, and
therefore the contraction rate can be made larger than that of
20% obtained by the conventional method, and the volume
of the space between the outer pipe 1 and the inner pipe 2
can be increased. Therefore, the degree of freedom of the
design 1s 1ncreased.

In the above embodiment, although the opposite end
portions of the outer pipe are contracted in diameter only by
spinning processing, there may be used an arrangement in
which the 1nitial contraction 1s effected by a press die or the
like, and then the contraction 1s completed by spinning
processing.

INDUSTRIAL APPLICABILITY

As described above, 1n the mmvention recited i1n claim 1,
there can be provided the mufller in which a desired com-
pression load can be applied to the buffer member uniformly
over the entire periphery thereof, and a shide load, which
serves to absorb the thermal expansion difference between
the mner and outer pipes during use of the mutiler, can be set
satisfactorily.

In the invention recited 1n claim 2, the welding portion
can be accurately formed at that portion remote from the
buffer member, and besides the mnner and outer pipes can be
prevented from being displaced with respect to each other,
so that the accurate contracted configuration can be
obtained. Furthermore, that portion of the outer pipe, having
the buffer member, can be reduced 1n diameter 1 a desired
amount uniformly over the entire periphery thereof.
Theretfore, a desired compression load can be applied uni-
formly to the buffer member over the entire periphery
thereof, and a slide load, which serves to absorb the thermal
expansion difference between the inner and outer pipes
during use of the mulifler, can be set satisfactorily.

In the i1nvention recited i claim 3, the more accurate
welding portion can be formed, and besides the material of
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the opposite end portions, reduced in diameter, will not be
buckled, and therefore the contraction rate can be made
larger than that of 20%, obtained by the conventional
method, and the volume of the space between the outer pipe
1 and the imner pipe 2 can be increased. Therefore, the
degree of freedom of the design 1s 1ncreased.

In the mmvention recited 1n claim 4, the accurate contracted
configuration of the outer pipe, as well as the amount of
compression of the bufler member, can be obtained easily.

In the mvention recited 1n claim 5, the mner and outer
pipes can be prevented from being crushed and deformed
during the reduction of the diameter of the outer pipe.

What 1s claimed 1s:

1. A method of producing a muffler wherein said method
comprises a first step of holding an i1nner pipe, having a
buffer member {fitted on one end portion thereof, within an
outer pipe, held 1n position, 1n such a manner that a prede-
termined gap 1s formed between said inner and outer pipes;
a second step of reducing a diameter of the other end portion
of said outer pipe remote from said buifer member, thereby
fixedly securing said other end portion of the outer pipe to
the other end portion of said mner pipe; and a third step of
subsequently applying a spinning processing to one end
portion of said outer pipe, thereby reducing a diameter of
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said one end portion of the outer pipe until said one end
portion of the outer pipe 1s brought mto contact with said
buffer member, and further radially compresses said bufler
member.

2. A method of producing a mufller according to claim 1,
in which the reduction of the diameter of the outer pipe in
sald second step 1s also elfected by spinning processing.

3. A method of producing a muftler according to claim 1
or claim 2, in which the reduction of the diameter of said
outer pipe 1n said third step is effected 1n such a manner that
a mandrel 1s 1nserted mto the one end portion of said outer
pipe so as to limit the amount of reduction of the diameter
of said outer pipe.

4. A method of producing a mulflfler according to claim 1
or claim 2, in which the reduction of the diameter of said
outer pipe 1n said third step 1s effected in such a manner that
a mandrel 1s 1nserted 1nto the one end portion of said outer
pipe so as to limit the amount of reduction of the diameter
of said outer pipe and that the mandrel, having a diameter
substantially equal to an inner diameter of said inner pipe, 1s
inserted 1nto the one end portion of said mner pipe.
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